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,Q WKHVWRU\WHOOLQJVW\OHVSHHFKSDXVHVRUSKUDVHEUHDNVSOD\DVLJQLILFDQW UROH LQ LQWURGXFLQJVXVSHQVHDQGFOLPD[LQ WKHVWRU\
0RUHRIWHQSDXVHVDUHSURYLGHGE\DVWRU\WHOOHUWRFDSWXUHWKHDXGLHQFH¶VDWWHQWLRQE\HPSKDVL]LQJNH\ZRUGVIRFXVLQJHPRWLRQ
VDOLHQWZRUGVDQGWRVHSDUDWHNH\SKUDVHVLQDQXWWHUDQFH7KHJRDORIWKHZRUNSUHVHQWHGLQWKLVSDSHULVWRSUHGLFWWKHORFDWLRQ
RI SDXVHV LQ DQ XWWHUDQFH V\QWKHVL]HG E\ D 6WRU\ 7H[W7R6SHHFK 776 V\VWHP XVLQJ XQVXSHUYLVHG IHDWXUHV DW ZRUGOHYHO
7UDGLWLRQDO PHWKRGV IRU SUHGLFWLQJ SDXVHV XVHV WKH IRUHPRVW OLQJXLVWLF IHDWXUHV OLNH 3DUWVRI6SHHFK 326 WDJV FKXQNLQJ
LQIRUPDWLRQRUWHUPLQDOV\OODEOHVHWF7KHVHPHWKRGVSUHVXSSRVHWKHDYDLODELOLW\RIOLQJXLVWLFNQRZOHGJHE\DQDXWRPDWLFWDJJHU
RUPDQXDOO\ DQQRWDWHG FRUSXV+RZHYHU WKLV LQIRUPDWLRQ¶V DUH QRW UHDGLO\ DYDLODEOH LQ FDVH RI ,QGLDQ /DQJXDJHV0DQXDOO\
DQQRWDWLQJWKHWH[WZLWKWKLVOLQJXLVWLFLQIRUPDWLRQLVTXLWHKHFWLFDQGWLPHFRQVXPLQJ$OVRWKHVHSLHFHVRILQIRUPDWLRQ¶VGRQRW
FDSWXUHWKHFRRFFXUUHQFHVWDWLVWLFVRIZRUGV+HQFHZHSURSRVHDIUDPHZRUNIRULQWHJUDWLQJWKH6WRU\776ZLWKSURSRVHGSDXVH
SUHGLFWLRQPRGXOH ,Q WKLVPRGXOH DQ XQODEHOHG WH[W FRUSXV LV XVHG WR H[WUDFW WKH FRQWLQXRXVYDOXHGZRUOGOHYHO IHDWXUHV WR
PRGHOWKHSDXVHSDWWHUQVLQVWRU\WHOOLQJVSHHFK$VHWRIVWRU\VSHFLILF66IHDWXUHVDUHLQWURGXFHGIRUFDSWXULQJVWRU\VHPDQWLF
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,Q 7H[W7R6SHHFK 776 V\VWHPV SURVRG\ SOD\V D YLWDO UROH LQ V\QWKHVL]LQJ QDWXUDO DQG LQWHOOLJHQW VSHHFK
3URVRG\LVDFRQFRFWLRQRIVXSUDVHJPHQWDOIHDWXUHVOLNHGXUDWLRQSLWFKLQWHQVLW\FRDUWLFXODWLRQSDWWHUQDQGSDXVH













WKHVWRU\VSHHFKFRUSXV LW LV LQIHUUHGWKDWDFKLOGUHQVWRU\FRPSULVHRIGLIIHUHQWSDUWVDQGHDFKSDUWLVQDUUDWHGLQ







(DUOLHU ZRUNV DUH FDUULHG RXW IRU SUHGLFWLQJ WKH ORFDWLRQ RI WKH SDXVHV E\ XVLQJPDFKLQH OHDUQLQJPRGHOV OLNH
+LGGHQ0DUNRY0RGHOV +00 >@RU&ODVVLILFDWLRQ DQG5HJUHVVLRQ7UHHV &$57 >@ RU )HHG)RUZDUG1HXUDO
1HWZRUN ))11 >@0D[LPXP(QWURS\ 0( >@ DQG%D\HVLDQ DSSURDFK >@ ,Q.ODWWPRGHO >@ WKH )HVWLYDO
EDVHG776V\VWHP>@DVZHOODVWKH0DU\776V\VWHP>@DVVLJQIL[HGGXUDWLRQWRWKHSDXVHV7KHVHDSSURDFKHV
XVHVODEHOHGGDWDZLWKWKHNQRZOHGJHRIOLQJXLVWLFFODVVHVVXFK326WDJVPRUSKRORJLFDOIHDWXUHVHWF7KHWUDLQLQJRI
WKH FODVVLILHUV DVVXPHV WKH DYDLODELOLW\ RI WKH KDQGODEHOHG WUDLQLQJ GDWD LQ ODUJH TXDQWLWLHV ZKLFK DOVR LQFOXGHV
SURSHU WDJVSURYLGHGE\ D KLJKTXDOLW\ LQ WHUPVRI DFFXUDF\326 WDJJHUVVKDOORZSDUVHUV0DQXDO DQQRWDWLRQ LV
WHGLRXV DV ZHOO DV WLPH FRQVXPLQJ DQG PLJKW QRW EH DQ HIIHFWLYH RSWLRQ IRU WKH ODQJXDJHV ZKHUH WKH UHTXLUHG
UHVRXUFHVDUHORZRUQRWUHDGLO\DYDLODEOH
7R DGGUHVV WKHVH VKRUWFRPLQJV YDULRXV ZRUNV DUH GLUHFWHG WRZDUGV XQVXSHUYLVHG PHWKRG RI LQGXFLQJ ZRUG
UHSUHVHQWDWLRQV7KLVUHSUHVHQWDWLRQLVXVHGWRVXEVWLWXWHWKHSULRUNQRZOHGJHRIOLQJXLVWLFFODVVHV,QWKHSDSHU>@
1H\(VVHQ FOXVWHULQJ DOJRULWKP LV XVHG IRU DXWRPDWLF LQGXFWLRQ RI WKH 326 7KHVH DUH JHQHUDWHG EDVHG RQ WKH
IUHTXHQF\DQDO\VLVRI WKHZRUGVSUHVHQW LQ WKHFRUSXV)RU,QGLDQ ODQJXDJHVDVHWRIPRUSKHPHWDJXQLWV >@DUH
PDQXDOO\ LGHQWLILHG DQG XVHG WR PRGHO SKUDVH EUHDNV IRU 7HOXJX ODQJXDJH ,Q >@ SKUDVH EUHDN SUHGLFWLRQ LV




UHSUHVHQWDWLRQ 7KHVH UHSUHVHQWDWLYHV QHHG DFFXUDWH FODVVLILFDWLRQ RI ZRUGV LQWR D VHW RI GLVFUHWH FODVVHV 7KH
WUDGLWLRQDOPHWKRGVXVHOLQJXLVWLFUHVRXUFHVOLNH326LQIRUPDWLRQJHQHUDWHGE\326WDJJHUVRUVKDOORZSDUVHUV>@
+RZHYHU326WDJVDUH WKHSULPDU\ IHDWXUH XVHGIRUSKUDVHEUHDNSUHGLFWLRQ7KHUHH[LWV LVVXHV OLNH WKHUHPD\EH
ZRUGV KDYLQJPRUH WKDQ WZR326 WDJVGHSHQGLQJRQ WKH FRQWH[W LW LV XVHG DQG DOVR WKLV UHSUHVHQWDWLRQGRHVQRW
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FDSWXUH WKHGLVWULEXWLRQDO EHKDYLRU >@RI WKHZRUGV7KHVH LVVXHVDUHDGGUHVVHGE\YHFWRU VSDFHPRGHODSSURDFK
>@:RUG FRRFFXUUHQFHPDWUL[ LV IRUPHG WR FDSWXUH WKH GLVWULEXWLRQDO EHKDYLRU RI D ZRUG 7KH URZ RI WKH FR






LV QR QHHG WR GHWHUPLQH WKH GLVFUHWH OLQJXLVWLF FODVVHV OLNH 326 WDJV WHUPLQDO V\OODEOHV ,Q WKLV ZRUN IURP DQ
XQODEHOHGWH[WFRUSXVZHH[WUDFWWKHXQVXSHUYLVHGZRUGOHYHO IHDWXUHVWRPRGHOWKHSDXVHV7KHVHIHDWXUHVFDQEH















%LUEDO 7KH QXPEHU RI VHQWHQFHV LQ HDFK VWRU\ YDULHV IURP  WR  7KH FROOHFWHG VWRULHV FRPSULVHV RI 
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
DW VWRU\OHYHO HDFK VWRU\ LV DQQRWDWHGZLWKRQHRI WKH VWRU\ FODVV7KH)OHLVV.DSSD NJLYHV WKH LQWHUDQQRWDWRU
DJUHHPHQWDUHDQGUHVSHFWLYHO\7KHNYDOXHVDERYHRUVRFDQEHFRQVLGHUHGWREHVXEVWDQWLDO













3DXVH7\SH 0HDQPV 6WG'HYPV LQRULJLQDO
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8QVXSHUYLVHG:RUG)HDWXUHV
7KLV VHFWLRQGLVFXVVHV WKHSURFHGXUH IROORZHG LQH[WUDFWLQJ WKHXQVXSHUYLVHGFRQWLQXRXVYDOXHGZRUG IHDWXUHV
7KHSULPDU\PRWLYDWLRQ IRU WKLV LGHDFRPHV IURP WKH IDFW WKDW WKHZRUGVFDQEHGLVWULEXWLRQDOO\ >@ UHSUHVHQWHG
/DWHQW6HPDQWLF$QDO\VLV/6$>@LVFDUULHGRXWZKLFKLVEDVHGRQFKDUDFWHUL]LQJZRUGVZLWKZKLFK LWFRRFFXUV
LQ WKH ERG\ RI WKH WH[W 7KH IROORZLQJ VWHSV HODERUDWH WKH SURFHVV RI WKH XQVXSHUYLVHG ZRUGOHYHO IHDWXUH
UHSUHVHQWDWLRQ P XQLTXH ZRUG W\SHV H[WUDFWHG IURP WKH VWRU\VSHHFK FRUSXV Q LV WKH PRVW IUHTXHQWO\ RFFXUULQJ















VWRU\VSHHFK FRUSXV DV GLVFXVVHG LQ WKH 6HFWLRQ  IRU HDFK ZRUG IHDWXUH H[WUDFWLRQ LV GRQH 7KHVH IHDWXUH
UHSUHVHQWDWLRQ LV XVHG IRUPRGHOLQJ WKHSDXVHVXVLQJ&$57PRGHO7KH UHDVRQLQJEHKLQGFKRRVLQJ&$57DV WKH
FODVVLILFDWLRQ PRGHO EHFDXVH WKH LPSOHPHQWDWLRQ RI 6WRU\ 776 IROORZHG WKH )HVWLYDO IUDPHZRUN DQG &$57 LV
UHDGLO\ DYDLODEOH LQ WKH 6SHHFK 7RROV DYDLODEOH KWWSZZZFVWUHGDFXNSURMHFWVVSHHFKBWRROV  $ &$57 LV
PRGHOHGZLWKWKHVHVHWRIXQVXSHUYLVHGIHDWXUHVWRSUHGLFWZKHWKHUDZRUGERXQGDU\VKRXOGPDUNHGDVSDXVH3RU
QRQSDXVH13IRUDQXWWHUDQFH1RZZHHODERUDWHWKHIHDWXUHH[WUDFWLRQIURPWKHVWRU\VSHHFKFRUSXV7KHUHDUHD
7 WRWDOQXPEHURIZRUGVLQWKHFRUSXV$GLFWLRQDU\LVFUHDWHGE\ILQGLQJRXWWKHP  XQLTXHZRUG
W\SHV 7KHVHZRUGV DUH WDLOHGZLWK QPRVW IUHTXHQWO\ RFFXUULQJZRUG W\SHV ,Q WKLV FDVHZH KDYH FRQGXFWHG WKH
H[SHULPHQWV ZLWK GLIIHUHQW YDOXHV RI Q DQG GHWHUPLQHG Q    VXLWV WKH EHVW 7KH FRRFFXUUHQFH PDWUL[ & RI






DUHFRPSXWHGIURPERWK WKHVHWV IRU WUDLQLQJDQGVHW IRU WHVWLQJ&RQWH[WXDO LQIRUPDWLRQ LVDGGUHVVHGE\D
ILYHJUDPZLQGRZ WREXLOG WKH IHDWXUHYHFWRU IRUDZRUG([SHULPHQWVDUHFDUULHGRXWZLWK WKUHH ILYHDQGVHYHQ
JUDPZLQGRZUHVSHFWLYHO\RXWZKLFKILYHJUDPPRGHOJDYHWKHEHVWSHUIRUPDQFH7KHSUHYLRXVWZRZRUGVFXUUHQW
ZRUGDQGIROORZLQJWZRZRUGVDUHFRQVLGHUHGLQWKHILYHJUDPPRGHO7KHU GLPHQVLRQDOYHFWRURIWKHVHZRUGV
DUH FRQFDWHQDWHG WRJHWKHU WR SURGXFH D IL[HG OHQJWK RI  VL]H IHDWXUH YHFWRU +HQFH IRU WUDLQLQJ WKHVH
FKDUDFWHULVWLFV DUH H[WUDFWHG IURP WKH WRWDO QXPEHU RI ZRUGV SUHVHQW LQ WKH WUDLQLQJ VHW )RU WHVWLQJ VLPLODU ZD\
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
)RU WUDLQLQJ IHDWXUHV DUH FRPSXWHG IRU DOO WKHZRUG W\SHV LQFOXGLQJ WKH XQVHHQZRUG W\SHV$W WHVW WLPH DOO WKH
KLGGHQZRUGVDUHUDQGRPO\PDSSHGWRWKH81.WRNHQDQGFRUUHVSRQGLQJIHDWXUHYHFWRULVREWDLQHG
6\VWHP%XLOW
7KLV VHFWLRQ GHVFULEHV GLIIHUHQW V\VWHPV EXLOW IRU SUHGLFWLRQ RI WKH SDXVHV LQ VWRU\WHOOLQJ VW\OH VSHHFK )RU











7KH 326 LQIRUPDWLRQ RI ZRUGV FROOHFWHG IURP D +LQGL 326 WDJJHU DYDLODEOH KWWSQOWURUJVQOWUVRIWZDUH
GHYHORSHGDW ,,7.KDUDJSXU7KH326 LQIRUPDWLRQREWDLQHG IURP WKHDXWRPDWLF326 WDJJHUFDQEHGLYLGHG LQ
WDJVZKLFKLQFOXGHVVXFKDVQRXQSURSHUQRXQDGMHFWLYHVDGYHUEVTXDQWLILHUVYHUEVDX[LOLDU\YHUEVFRQMXQFWLRQ




,,, 7KHVH IHDWXUHV DUH REWDLQHG IURP WKH XQWDJJHG WH[W RI VWRU\VSHHFK FRUSXV $ORQJ ZLWK WKH XQVXSHUYLVHG
FKDUDFWHULVWLFVZHZLOO DOVR LQFOXGH WKH VWRU\VSHFLILF 66 IHDWXUHV OLNH HPRWLRQ VDG DQJHU KDSS\ IHDU RI WKH
FXUUHQWZRUGZKHWKHU WKHZRUG LVDFRQWHQWRU IXQFWLRQDO FODVVRI WKH VWRU\IDEOHG OHJHQGDU\ IRONWDOHV7KHVH
VWRU\VSHFLILF IHDWXUHV DUH KDQG DQQRWDWHG IURP WKH VWRU\VSHHFK FRUSXV :H DOVR H[SORUHG FRPELQLQJ WKHVH
XQVXSHUYLVHG IHDWXUHV ZLWK VWRU\VSHFLILF IHDWXUHV 7KH K\SRWKHVLV EHKLQG WKH DGGLWLRQ RI VWRU\VSHFLILF IHDWXUHV
DORQJZLWKWKHXQVXSHUYLVHGIHDWXUHVPD\DGGVRPHFRPSOHPHQWDU\LQIRUPDWLRQUHODWHGWRVWRU\VHPDQWLFV>@
3DXVH3UHGLFWLRQ0RGHOXVLQJFRQWLQXRXVZRUGIHDWXUHV
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PHWKRGVSUHGLFWLQJWKHZRUGERXQGDU\DVDQRQSDXVHLH%6326DQG8DUHDQGUHVSHFWLYHO\$Q
REVHUYDWLRQ FDQEHGUDZQ IURP WKH UHVXOWV WKDW WKH326 V\VWHPSHUIRUPDQFH LV EHWWHU DV FRPSDUHG WR%6DQG8
V\VWHPV$OVRXVLQJ WKHXQVXSHUYLVHGZRUG IHDWXUHV LPSURYHV WKHSHUIRUPDQFHRI WKH8V\VWHPFRPSDUHG WR%6
7KHUHLVDQDEVROXWHLQFUHDVHRI)3DQG5LVQRWHGIRUSUHGLFWLQJSDXVHLQWKH8DVFRPSDUHG
ZLWK%6+HQFHLQVWHDGRIXVLQJWKHIHDWXUHVRI326V\VWHPZHFDQRSWIRUWKHXQVXSHUYLVHGIHDWXUHVZLWKOLWWOHRU
QR GHJUDGDWLRQ LQ WHUP RI SHUIRUPDQFH DV FRPSDUHG WR %6 V\VWHP 7KH )VFRUH RI WKH V\VWHPV LH 866











 5 3 ) 5 3 )
%6      
326      
8      
866      
32666      
&RQFOXVLRQ
,Q WKLV SDSHU ZH GHVFULEHG D FRQWLQXRXV YDOXHG IHDWXUH UHSUHVHQWDWLRQ IRU ZRUGV XVHG IRU SDXVHQRQSDXVH
SUHGLFWLRQ7KHVHVHWRIIHDWXUHVXWLOL]HGLQWKHVWRU\WHOOLQJVW\OHVSHHFKIRU+LQGL6WRU\776:HDQDO\]HGWKHSDXVH
SDWWHUQV XVLQJ WKH 6WRU\VSHHFK FRUSXV 7KUHH SDXVH SUHGLFWLRQ V\VWHPV LH %6 326 DQG8 EXLOW ZLWK GLIIHUHQW
IHDWXUH VHWV XVLQJ &$57PRGHO 7KH %6 V\VWHP LV PDGH E\ XVLQJ EDVLF SRVLWLRQDO DQG FRQWH[WXDO IHDWXUHV ZLWK








WKH FXUUHQW SDXVH SUHGLFWLRQ VWXG\ FDQ EH H[WHQGHG WR RWKHU ,QGLDQ ODQJXDJHV VXFK DV %HQJDOL 7HOXJX 7DPLO
0DUDWKL DQG0DOD\DODP 7KH XQVXSHUYLVHG ZRUG IHDWXUHV DORQJ ZLWK WKH VWRU\VSHFLILF IHDWXUHV FDQ EH XVHG WR
LQWHJUDWHZLWKWKHSURSRVHG6WRU\776V\VWHPV>@IRUDFFXUDWHSDXVHSUHGLFWLRQDQGDOVRIRULPSURYLQJWKHTXDOLW\
RI V\QWKHVL]HG VWRU\ VSHHFK )XUWKHU VWXGLHV FDQEHSHUIRUPHG WR DQDO\]H WKHSDXVHSDWWHUQVSUHVHQW DW SDUDJUDSK
OHYHO>@IRUVWRU\WHOOLQJVW\OHVSHHFK$OVRSDXVHVFDQEHH[SODLQHGEDVHGRQWKHGLVFRXUVHPRGHV>@





WKH SURMHFW 'HYHORSPHQW RI 7H[WWR6SHHFK V\QWKHVLV IRU ,QGLDQ /DQJXDJHV 3KDVH ,, 5HI QR
+&&7',/
5HIHUHQFHV
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